Interaction of carbonylcyanide p-trifluoromethoxyphenylhydrazone (FCCP) with lipid membrane systems: a biophysical approach with relevance to mitochondrial uncoupling.
FCCP (carbonylcyanide p-trifluoromethoxyphenylhydrazone), a classical uncoupler of mitochondrial oxidative phosphorylation, is used in this study as a model to clarify how interactions of uncouplers with membrane lipid bilayers may influence membrane biophysics and their protonophoric activity itself. In order to disclose putative effects that may be important when considering using uncouplers for pharmacological purposes, an extensive characterization of FCCP membrane lipid interactions using accurate biophysical approaches and simple model lipid systems was carried out. Differential scanning calorimetry studies showed that FCCP molecules disturb lipid bilayers and favor lateral phase separation in mixed lipid systems. (31)P NMR assays indicated that FCCP alters the curvature elastic properties of membrane models containing non-bilayer lipids, favoring lamellar/H(II) transition, probably by alleviation of hydrocarbon-packing constraints in the inverted hexagonal phase. Taking advantage of FCCP quenching effects on the fluorescent probes DPH (1,6-diphenyl-1,3,5-hexatriene) and DPH-PA (3-(p-(6-phenyl)-1,3,5-hexatrienyl)phenylpropionic acid), it is demonstrated that FCCP distributes across the bilayer thickness in both a single and a ternary lipid system mimicking the inner mitochondrial membrane. This behavior is consistent with the ability of the compound to migrate through the thickness of the inner mitochondrial membrane, an event required for its protonophoric activity. Finally, the study of the membrane fluidity in different lipid systems, as reported by the rotational correlation time (θ) of DPH or DPH-PA, showed that the extension at which FCCP disturbs membrane properties associated with the dynamics and the order of lipid molecules depends on the lipid composition of the model lipid system assayed.